Application of Image Analysis Techniques
in Environmental'Biotechnology

Eugénio C. Ferreira

o W)
Departamento de Engenharia Biologica %
Universidade do Minho 45
Tt

PORTUGAL |



UM-BRAGA.PPT#3. PowerPoint Presentation

P L5,

& 2 N |
[t W \!/ -

perd Il

Opportunities for
Image Analysis Applications

= Developme‘nt»c\)f faster computers
= Advanced framen“gra»bbers

‘= Sophisticated softwar‘é"«w
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Image Analysis allows for:

© Enhancemeh\t“‘of_ pictures

¢ Automatic identifiac":"ation and isolation of
particles

¢ Fast means of getting morpH’b‘lQ,gic information,
thus saving tremendous effort aniil‘*time
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Principles of Image Processing
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Application of Image Analysis Techniques
in Wastewater Treatment

¢ Activated Sludge
¢ Protozoa N
¢ Anaerobic Digestion

¢ Other Applications...
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A in Wastewater Treatment - Activated
Sludge

¢ Morphological Sludge characterization a WWiIiP
using Partial Least Squares

¢ Automated Monitoring \6foctivated Sludge using
Image Analysis (correlation with settleability, SVI)

¢ Characterisation of activated sl‘udge by
automated image analysis: validation on full et:1(5

plants
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Automatic' REcCoOgnItion o Protozoa
By Image Analysis

¢ Protozoa are commonly used as biological indicators of the
performance of wéStewater treatment. Their identification
is not only time consummg but also demands high
expertise.

¢ Programs were created to automatlcally analyse protozoa
digitised images.

¢ A PCA and Discriminant Analyses techni\c'itleg were explored
for the species identification. Several proto\’zoa_species
could be completely separated from the others.

Euaénio C. Ferreira



SOALDp,
-/Zt\’f]: 9\}\

Ciliate Protozoa in Wastewater Treatment Plant

Tetrahy
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O predominio de algumas especies pode fornecer valiosas
informacoes sobre o estado de funcionamento de uma ETAR:

\

PEQUENGS flagelados:“re,\(ela uma ma eficiéncia que pode ser causada por lamas pouco
oxigenadas ou entrada de substancias em vias de fermentacao

Pequenas amebas nuas e flageladas: revela uma ma eficiéncia que pode ser causada por
uma carga elevada ou de baixa degradabilidade

Pequenos ciliados nadadores (< 50 m“r"h\).:\‘_revela uma eficiéncia mediocre que pode ser
causada por um tempo de residéncia demasiado curto ou lamas pouco oxigenadas

Ghandes ciliados nadadores (> 50 mm): revelé“uma eficiéncia mediocre que pode ser
causada por uma carga demasiado elevada

Ciliados sesseis: revela uma baixa eficiéncia que pode ser causada por fenémenos
transitoérios (V. microstoma and Opercularia sp.)

Giliadosimoyeis de fundo: revela uma boa eficiéncia

Eiliadoes SESSES Em conjuncao comi moyeis de fundo: revela uma boa eficiéncia

Amebas com teca: boa eficiéncia indicando estar-se perante uma carga balxa e/ou
diluida e uma boa nitrificacao i

e <z
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A 1n Wastewater Treatment - Protozoa

¢ Altomatic ré"’c‘ognition of protozoa /by image analysis

¢ Survey of a Wastewater Treatment Plant Microfauna
by Image Analysis (Discriminant Analyses)

¢ Study of Protozoan Population in Wastewater
Treatment Plants by Image Aﬁ"alysis (PCA)

9 Determination of the movement changes offGiliates
ExXposed to toxics

Euogénio C. Ferreira
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Some steps of the image processing
programme (v. 1)

. Initial image with a x400 magnification

2. Contour enhancement by hlstogram

local equalization :

3. Background suppression by openlng ’
and closing to remove the halo.

4. Semi-automated segmentation based
on the Euclidian Distance Map.

5. When the protozoan is not in contact
with the frame, part of the flocs are
eliminated by a border-killing routine.
The protozoan contour is closed by
openings

6. Hole-filling of the silhouette and semi-
automated segmentation based on the
Euclidian Distance Map.

7. Elimination of flocs by a series of

erosion and reconstruction of the

protozoa silhouette. If flocs are larger
than protozoa, they are isolated and
discarded by a logical subtraction.

=
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Some steps of the image processing
programme (V. 2)
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Acquired image

Regions of interest

F
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Recovered protozoan Binary image Final labeled image
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V. microstoma and Opercularia sp., indicators of a poor efficiency of a Wééteyyater
treatment, are quite well isolated, thus allowing the determination of possible.

A anomalies in the performance of the plant.
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Image Analysis in Anaerobic Digestion

¢ Monitoring methanogenic auto-fluorescence and sranulation

Inranaerobic digestion

¢ Characterisation by Image Analysis of Anaerobic Sludge from
Two EGSB Reactors Treating Oleic Acid: Automatic Detection

of Granules Disintegration

¢ Image analysis as a tool to recogmze anaerobic granulation

time

¢ Image analysis, methanogenic act1v1ty measurements and
molecular biological techniques to monitor granular sludge

from an EGSB reactor fed with oleic acid

¢ Characterization by Image Analysis of Anaeroblc Microbial

Sludge under Shock Conditions

Euaénio C. Ferreira
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Monitoring Methanogenic Fluorescence by Image
Analysis

¢ The co-factor F,, gives to the methanogenic bacteria the
specific ability of auto-fluorescence when excited at a
wavelenght of 420 nm. The Blue-Green (B-G)
autofluorescence allows to differentiate between
methanogenic and non-methanogenic bacteria.

¢ |IAwas used to quantify the B-G light intensity developed
during the start-up of a CSTR fed with a VFA based
synthetic substrate and during the S.S. ~operation of an
anaerobic filter fed with a synthetic dairy waste

¢ A program was written to calculate the nurﬁber_ of
bacterial cells and its fluorescence intensity.

Euaénio C. Ferreira



Examples of fluorescent anaerobic
sludges
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Granulation in Anaerobic Digestion

Some steps of the f/ocs image processing

Acquired image After backé"regnd Einaliimage
subtraction ™

The Flocs program consists of three major parts:

 Image improvement and thresholding: subtraction of background image and
thresholding by a defined threshold. »»

* Floc identification: elimination of the objects (debris) smaller than 5X5. plxels border-kill
and labelling of the remaining flocs. :

* Floc characterisation: determination of the morphological parameters area, equlvalent
diameter, breadth (minimum Feret diameter), and roundness. x
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The Filaments program consists of three major parts:

e Image improvement and thresholding: Mexican-hat
filter; background homogenisation, Wiener filtering and
histogram equalization. Subseguently, the image is
thresholded by a defined threshold.

o Filament identification: ske"l”‘etonisation end-points
removal (10 pixels length); reconstruct and labelling of
the remaining filaments. »»

o Filament characterisation: determlnati“b‘n ofi the
parameters number of filaments and average fllament
length. |
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Some steps of the flarments image processing

P e

ican h

Acqui

Euogénio C. Ferreira



Other Applications (Biotechnology and
Food Technology)

. Classifica\tion of Saccharomyces cerevisiae morphology
using image analysis

¢ Morphological Analysis of Yarrowia lipolytica under
Stress Conditions through Image Processing

» Altematic counting of \/i‘able/non viableyeasts: by
epifilliorescence microscopy w1th ACHdINE BranNSeras
dying agent ‘

9 Chiaracterization of bubbles in a bubble colUmnILY,
mage analysis ~

¢ Simultaneous monitoering of lactic acid bacter1a and
Veast during VinherVerdefermentation Using phase
CONtRStIMICHESCOPYCOUPLIEM tONIMasSEranaly/Sish
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More Information about Projects and Resources may be
browsed throughout the BioPSE group’s web page

www.deb.uminho.pt/BioPSEg
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